The development in cattle of severe pulmonary hypertension and heart failure on exposure to altitude, a condition known as brisket disease, has been the subject of earlier reports from this laboratory. 1 " 3 In spite of the predominance of right heart failure in this condition pulmonary artery wedge (PA W ) or left ventricular end diastolic (LV ed ) pressures when measured were often elevated. In previous studies, however, both pressures were measured in the same animal only three times, and in each instance were found to be virtually identical. Kecently an observation was made in two animals of a discrepancy between PA W and LV e(l , the former being higher by 9 and 12 mm Hg. Inasmuch as the measurements were not made simultaneously, one of the calves was studied again a few days later and the observation confirmed even when this source of possible error was obviated. The possibility of pulmonary venous obstruction raised by this observation prompted a systematic comparison of these pressures in a consecutive series of eight animals with acute brisket disease. The consistent demonstration of a PA w -LV e( i pressure difference in four of these provides the basis for this report.
• The development in cattle of severe pulmonary hypertension and heart failure on exposure to altitude, a condition known as brisket disease, has been the subject of earlier reports from this laboratory. 1 " 3 In spite of the predominance of right heart failure in this condition pulmonary artery wedge (PA W ) or left ventricular end diastolic (LV ed ) pressures when measured were often elevated. In previous studies, however, both pressures were measured in the same animal only three times, and in each instance were found to be virtually identical. Kecently an observation was made in two animals of a discrepancy between PA W and LV e(l , the former being higher by 9 and 12 mm Hg. Inasmuch as the measurements were not made simultaneously, one of the calves was studied again a few days later and the observation confirmed even when this source of possible error was obviated. The possibility of pulmonary venous obstruction raised by this observation prompted a systematic comparison of these pressures in a consecutive series of eight animals with acute brisket disease. The consistent demonstration of a PA w -LV e( i pressure difference in four of these provides the basis for this report.
Methods
In general, the methods described in detail previously, 4 were used in the present study. However, certain modifications were instituted:
The use of a tranquilizing drug, prom a zinc hydrochloride, was discontinued as with greater experience it became clear that it was not required.
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A No. 9 Fi\, 125 cm, double-lumen catheter" with the orifices 15 cm apart was used routinely for catheterization of the right heart and pulmonary vessels. The shaft of this catheter is considerably stiffer than that of single-lumen catheters used previously and for this reason it is easier to impact its tip in the distal pulmonary arteries. This is important in a procedure in which the position of the catheter and the course it takes is not checked by fluoroseopy.
In the effort to obtain satisfactory wedge pressures by this technique, it happened occasionally that the catheter was passed its entire length without becoming wedged. Previously, such an occurrence would have ended attempts to obtain PA W . However, by pulling the tip back to the main pulmonary artery or right ventricle and trying again, often repeatedly, the catheter would eventually become wedged with catheter length to spare.
Satisfactory wedging was determined by three criteria: 1.) The pressure level and pressure pulse contour had to be different from that in the pulmonary artery, recorded simultaneously from the proximal lumen. 2.) A transient "flush" of heparinized saline solution driven under high pressure into the catheter-manometer system achieved by a quick turn of a stopcock was required to appear as a "square wave" function. 3.) A blood sample obtained from the wedge position had to be bright red by visual inspection or to have an oxygen saturation comparable to that of arterial blood by Van Slyke analysis. If any of these criteria could not be satisfied, the catheter was withdrawn and the procedure was repeated until all criteria were met. Under no other circumstance was the pressure obtained considered "valid" PA.
A schematic diagram of the experimental preparation is shown in figure 1. A No. 8 Fr., 125 cm, single-lumen, electrode catheter replaced the No. 6 Fr. used previously for catheterization of the left ventricle via the left carotid artery. This permitted us to obtain indicator dilution curves directly from the left ventricular cavity for the measurement of cardiac output and obviated the need for another cannula in the same artery for this purpose.
The two lumens of the double-lumen catheter were connected directly to two Statham P23Db pressure transducers that were meticulously matched for static sensitivity and zero baseline against a common pressure calibration source. After the second catheter was placed in the left ventricle, it was connected directly to one of the matched gauges while the proximal lumen of the double-lumen catheter (PA pressure) was temporarily connected to the gauge normally used for recording LV pressure. PA W and LV pressures were then recorded simultaneously with matched gauges. The catheters were changed back to their respective transducers and a continuous record was obtained while the wedged catheter tip was withdrawn to a position in the pulmonary artery just beyond the pulmonic valve. The orifice of the proximal lumen would then be in the right ventricle. A resistance-capacitance circuit with a 1.0 second time constant in the transducer-galvanometer control system provided mean PA (PA) and mean PA W (PA W ) pressures. Measurements of various pressures were made over at least three respiratory cycles and an average value taken.
Cardiac output was measured by the indicator dilution method. Five to 7.5 mg of Indocyanine green dye were injected into the right ventricle through the proximal lumen and followed immediately by a saline flush to clear the catheter dead space of residual dye. A continuous dilution curve was recorded with a densitometer (Model XC-100A),* which was connected to the catheter in the left ventricle. All records were made on a Visieorder.T With the data thus obtained, resistances were calculated by the following formulas: 
Schematic diagram of experimental preparation showing single-lumen catheter in left ventricle and double-lumen catheter with tip loedged in a peripheral vessel and proximal lumen in the main pulmonary artery. Pressure transducers (G) numbered 2 and 3 are matched for static sensitivity and zero baseline. Left ventricular diastolic (LV d ) and pulmonary artery wedge (PA m ) pressures are measured on these gauges by making the cross connection of the catheters (dashed lines) as shown. Cardiac output (CO.) is measured with the densitometer (D) and RV injection and LV sampling systems shoxun (catheter pulled back so that proximal opening is in RV).
obtain mean, variance, standard deviation and standard error of the mean values.
In three studies the tip of the single-lumen catheter was accidentally passed into the left atrium (LA). Proof of its location in the LA was pi-ovided by the pressure level and pulse, by a characteristic blood sample, by the pattern of the endocardial electrocardiogram, and subsequently by withdrawing the catheter tip directly into the LV ( fig. 2 ). Advantage was taken of this fortuitous occurrence to obtain simultaneous comparisons of PA W and LA, PA W and LV ed and the relationship of LA to LV diastolie pressure.
Results
Thirty-seven observations of simultaneous PA W and LV e (i pressures were made during 19 separate studies in seven animals. In the first two studies in this series (CV-7, CV-9) these pressures were obtained within a period of 10-15 minutes, but not sirnultaneously. Two calves were studied four times; three on three separate occasions and one on two occasions, whereas single observations were made on the remaining two. The animals were divided into figure 5 .
The results of all observations in both groups are provided in table 1. The trend in successive studies in the same animal for values of various parameters to return towards normal in most animals is consistent with spontaneous recovery from brisket disease. 3 Blood samples obtained from the wedge cath- 
Tiuo examples of group A studies demonstrating a significant pressure gradient (&-P) beticeen pulmonary artery wedge (PA W ) and left ventricular end diaslolic (LV ei )
pressures. The AP during every other diastolic interval has been shaded in. The calibration scale applies to both pressures, and at the particular recording sensitivity LV systolic pressure goes off scale at the top. In the upper record electrically damped "mean" PA W pressure is shown at the left and phasic pressure at the right. eter in 27 instances showed hemoglobin oxygen saturations by Van Slyke analysis equivalent to or higher than in arterial blood. Visual evidence alone of high saturation was obtained in the remaining 11 observations. Three of the six instances of a significant pressure gradient in group B animals were observed in association with phlebotomy of 2.0 to 2.5 liters of blood, 6 an example of which is shown in figure 6 . It may be noted that LV e( 1 was considerably reduced (0-2 mm Hg) during these observations. The average PA W in both groups was similar, being 23 mm Hg in group A and 18 mm Hg in group B. However, LV e() pressure was more commonly elevated in group B than in group A animals.
Discussion
Demonstration of a pressure gradient between PA W and LV efl in four of eight animals with brisket disease is significant only if the credibility of measurements of PA W can be established. The "blind" nature of the catheterization procedure, particularly during wedging of the catheter may cast doubt on 
Two examples of group B experiments in the same animal on different days showing minimal differences beticeen PA W and LV^
In the upper record a slight gradient is present early in diastole, but this AP reverses and the LV ei is slightly higher than mean PA... the reliability of pressure measurements thus obtained. It was for this reason that such meticulous care was taken to obtain measurements of PA W which satisfied the rigid criteria established previously. 7 The evidence for the validity of PA W measurements includes: (1) blood samples obtained from the wedged catheter were fully saturated as measured by Van Slyke analysis and/or by their bright red appearance (table 1), (2) the virtual identity of Pa and LA pressures in animals CV-12 and CV-9 (fig^ ), and (3) the good agreement between PA and LV in 20 out of 26 measurements in group B animals.
On the basis of the accuracy of PA W measurements, the significant PA w -LV e ,i pressure difference in animals of group A is indicative of vascular obstruction downstream from the pulmonary capillary bed. The consistent demonstration of the gradient on more than one occasion in three of the animals substantiates this conclusion.
The division into two groups on the basis of the arbitrarily selected value of six mm Hg has the virtue of allowing for small errors of measurement, for the normal pressure gradient that must exist between the pulmonary capillaries and the left atrium, and for minor differences due to the location of the tips of Simultaneous PA W and LA pressures in a group A study (above) and a group B study (below) showing the presence and absence, respectively, of a significant pressure gradient.
the two catheters with respeet to the reference level. The last con side ration is relatively unimportant since the distance from the zero reference level (mid sternum) to the lateral limit of the lung at its widest point is usually less than 10 cm. Thus, the situation is comparable to that in the supine human. The fact that the smallest average pressure difference in group A was nine mm Hg contributes to a clearly denned separation of the two groups. The selection of LV ed rather than LV mean diastolic pressure (LV in d) for comparison with PA W is relevant to separation of the animals into two groups. LV ea is generally accepted as a reasonably accurate index of mean LA pressure in the absence of mitral valve stenosis or left ventricular hypertrophy or disease. 8 LA pressure has been measured in animals with brisket disease only four times (three in the present series). However, in each instance there was good agreement (within two mm Hg) between mean LA and LV e(i (fig. 2 ). On the other hand, LV ed may, under certain conditions, be significantly higher than mean LA pressure due to the pffeet of atrial contraction. Thus, in some studies in group B animals an early diastolic 
Records of simultaneous PA W and LV pressures in a group B experiment showing the development of a pressure gradient between PA W and LV ed associated with venesection (middle record). See table 1 for values of cardiac output and calculated resistances in this study.
gradient was discernible which declined, disappeared, or sometimes was reversed in late diastole (figs. 4 and 6). It would have been possible, therefore, on the basis of a PA w -LV md gradient to classify these animals in group A. Such gradients in group A animals would also have been somewhat greater. However, our purpose in this investigation was not to discover how many studies in which any gradient whatsoever was demonstrable. Rather, it was to determine whether a significant gradient was demonstrable in some animals with brisket disease even when rigorous criteria were employed. In other words, credibility of the evidence for vascular obstruction is considered more important than the number of animals in which this may be demonstrable.
That the obstruction in group A animals was most reasonably related to augmented vascular tone is suggested bj': (1) the morphologic evidence of the capacity for venoconstriction in this species, 30 (2) evidence of its disappearance and appearance in two ani-188 KUIDA, TSAGARIS, HECHT mals (CV-10 and CV-13), respectively, and (3) absence of obstructive lesions in the pulmonary veins of calves autopsied following death from acute brisket disease. Previous demonstration of progressive decline in PA W as well as PA pressure associated with spontaneous recovery 9 provides supportive evidence that vascular obstruction in brisket disease is due to augmented vasomotor tone. Precisely at what level in the post-capillary bed vasoconstriction occurred could not be determined by methods used in these studies. However, the fact that the pulmonary veins of the bovine species are richly endowed with a muscular coat 10 provides the basis for the hypothesis that the obstruction results from venoeonstriction.
The consistent emergence of a significant gradient and elevated venous resistance in three group B animals associated with removal of a moderately large volume of blood ( fig. 6 ) might be construed as providing additional support for increased venomotor tone. However, this inference seems unwarranted on the basis of such a small number of observations. In addition, the low outflow pressures (LVed) after bleeding conceivably could have resulted in vascular narrowing due to the mechanical effect of reduced transmural pressure presumably on the capillary bed. 11 The elevation of PA W to comparable levels in group A and group B and the existence of a significant PA w -LV ea pressure gradient in group A animals indicated that LV was either normal or significantly less elevated in this group. Mean LV in groups A and B (8.5 vs 15 mm Hg, respectively) shows that this, indeed, was the case. Thus, the common finding of an elevated pulmonary artery wedge pressure in brisket disease could be attributed in some animals to left ventricular failure and in others to pulmonary venoeonstriction. However, this does not preclude the possibility that both mechanisms played a role in the same animal. Evidence for this is provided by the demonstration of an elevated LV ed and a significant gradient in animal CV-7 in group A.
A possible implication of this study is that pulmonary hypertension associated with brisket disease could result from chronic pulmonary capillary-venous hypertension, whether due to left ventricular failure or pulmonary venoeonstriction. If this were the case the mechanism would be analogous to that invoked to explain severe pulmonary hypertension associated with clinical mitral stenosis. Such an inference is not justified on the basis of evidence discussed in detail in a previous communication. 0 However, this mechanism certainly may play a contributory role in the genesis of pulmonary hypertension.
The demonstration in brisket disease of pulmonary venous obstruction most likely due to pulmonary venoeonstrietion provides an example of the participation of veins in pulmonary vascular physiology. 12 This observation contributes, therefore, to evidence obtained previously in studies of alloxan pulmonary edema, 13 experimental endotoxemia 11 and of hypertonic solutions and drugs 18 " 17 which support the significant role that enhanced pulmonary venomotor tone may play in response to a variety of stimuli. Furthermore, the suggestion recently made, 16 that 1 ' acute pulmonary edema of altitude'' in man may in part be precipitated by an increase in pulmonary venous resistance 18 raises the question of possible causative factors in both conditions and their implied interrelationships. It is tempting to assume that hypoxia plays some part in the development of what must be considered an increase in venomotor tone in both situations, in the same way that hypoxia causes vascular constriction of precapillary pulmonary vessels.
Summary
Measurements were made of simultaneous pulmonary artery wedge (PA W ) and left ventricular diastolic (LV ed ) pressures 39 times during 21 venous and left ventricular cardiac catheterization studies in eight animals with brisket disease. Each animal was studied during the acute phase of the disease. The remaining 13 studies were carried out in six animals at various intervals during sponta Circulation Research, Volume XII, February 1963 fTTLMONARY VENOCONSTRICTION 189 neous recovery from pulmonary hypertension and heart failure. A pressure gradient between PA and LV (AP) which averaged 14.6 ± 1.6 (SE) mm Hg was demonstrated in 12 measurements during seven studies in four animals (group A). The AP in 27 measurements during 14 studies in six animals averaged 2.4 ± 0.8 mm Hg (group B). Venous resistance (R v ) represented 39 ± 5% of the total resistance (RT) of pulmonary vessels in group A and 13 ± 4% in group B studies. The AP and RV/KIT in group A animals are consistent with findings caused by pulmonary venous obstruction. The obstruction was interpreted to represent the effect of pulmonary venoconstriction.
